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CIRCDIT rnDMZliG AND ~- ~NG
!IWACNIEVE PERPD~CE ~1~
FDRTHEMRNT ~PE INJECTOR

J. G. Melton
Mail Stop P942

Loe Alamom National Laboratory
IIOS Alamos,

To produco an accepta~lc Slectron beam, the
Dual-Axia Radiographic t[ydro,-ynam~cTeat (DARHT)
Facility accelerator rec~ re hiqh-voltaqe
puleee that are flat to within tll for 6525 ns.
Achievinq thim accuracy antipulse dur~tion it?
opnration on the Intoqrated reet Stand (J Iull-
walc prototypm of the DARtiT 4-Hev injector and
!lrst eight linear inductlc)naccelerator rclls]
ham required f’lne-tuninq melccted components in
tha i,nlcctor pulsed power I:Lrcuitfi. :;uveral
Circuit nnalymls codeg ~ara uam-1 to ,Inalyzc
circuit parlormancm and to predict the ml lcct:?
III componerrtchanqeB. Four cases are presented.
(1) The center conductor rl iln cr.hylene qlycol
tranem~sm~on line was tapered to compcnsato 10?
,~ 4-%% tilt of khu tlmt-tnp portion r!t thu
injector voltaqe wavatorn. (:!)‘Ihc mlxturc IJl
water-qlycol nolution Uslcd 111 the iilurnleln
UpeakinqU $cction WdM chanqod to LWmPCInfMtc ‘or

n 2t hump in tho Ilat-top portion or tho voltaqo
Wavctom. (1) Confirmation WHS providc!d that
obrurved chanqee in pulse rJF,apn could he cauaed
hy chanqes in dielectric I-onatant m t.tic?
ethylene qlycol used in the Illurnlaill, cnusrd hy
hyqTOIKUpLC dbmorption of wntcr v,~por, (4) A
darnpillq re=intor wan addad illncrlt!n vit.h t,llv
lllumlein cnnter conductor t n I“fwluf”r. t h(~
i~mpl itudc 1)f low-lrcqumu.y , 110!;1 -plll:lf.

oncillationn thnt. wmro t:,auainq lilt~.-t.lnw f l,~:;h-

IIVOI.I; l>! t 110 va[:ullm ln:iul,l~ III ,

New Hexico 07545

: .’J!!KI’IIHAM”N”

lir~t injector and ciqht inductl[:]lCC1lS. It has
been in oparatlon slncc January 1991, nnd has
~uccesatully achiavect S LX mLleatunes to

~icmonatratc nystem pcrrormancc prlnr t9 final
construction approval.

To qenera~e a hicthquality elartron beam in
the IIARNTFncility l“dPOaeEv~ry hiqh pcrtomance
requlremcnrfi on the pulsed power riystcma. For
~xamplc, the inlector circuits mu!ic tiroduce a 4-
?4V pulee ni 100 ns duration, with ,1 rlsetime oi
17 ns and n talltlmo 01 211 IIG. ~hc flak-top
I,ortlon of th,?pulao muGt km 11.ltt.nf.lt, and
have [iuration 65!5 ns. ‘1’hrnvrrall nymtam
litter must ho lcsa than ‘~ ns.

‘rho vendor of the iniorr.or pulacd powor

!ivstem nclllevclithese ctrlnqrnr rip~~clfic,mtionfi,
vcrxticd by an acceptance te~t. pvoqram COndUCCad

into n dummy loa(l [ 11. Since lnsc,lll,ition in the
IT?i ,\t. L,nc Alamos, the pulaccl powrr fiymtem haa
oparatad with hiqh reliability and repeatability
[2]; howevnr, it came as no nurprisc that it. warn

nnccasnry t,n trim tha syfitem t (> meet the
requlrcd pcrtormancm apecificatlon:;, once the
completo ::ymtf?mwas ansamblcd. Thi6 paper
dascriben mavaral modi! icmtionn madg~ to the
Inldctor, and circuit Glmuliitions pertonneid
prlnr t.u Lhc modif’(cntionm tn pradict aymtam
pcrtormnnc:~. Two 01 t.ho modifications involved
trimminq i.omponent.n to produco pUlfiO ShapOG

wi(. hlntho III tuleranu(l.Annthrr Invr%tlqation
Invnlv~Ii I inllinq thn rmanon lmr II mymt.nriou:x
I :tli\nrll’ in ttlo wnvniorm:: lollIIwlnrt nn Oxtendc(l
!Iymtnm I;hut-down, The Inurth mndil if.ntinn WRF tn

in::ml”t II I l,~mp I IVI roml~trl. I 11 t Ill- Nlumlnin

I.h,IIMIIIVI ,. : )x.ult tII rrdllt.o t III. ,lmpl iturk of ,}

ll~t--t Ire,. 1~’vorfmd vnlliwlII thAt wnn ~’untrlhutln(l
t“r~ f Imnhlnfrrn IIf thm din~lr innu]ator.

ll]~cctwr .ClwuiE.MmJrl::

I.iqllrm I i!+ n tlinqrnm tjf tllfs1’1’:;ln~m[:t,nl.,

A :-II IW (mi~lhll.i’(~t ll~lfik I:! (mlIIlrIIfIIl I II I 1: kV mIvl
,Iifir. hmrqmrl tlllv NIIIh J I’1: I :JtrlJ-llltt:..ln:l[nrmrrt~.
IMII!;l, f.tlalllv ! III* II ii -tllylmllr* ,Ilyl.111 [Ilumlolll
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.....I-MVIn 4.3 ~...5. The Rlurnlein discharges
‘hrouqh tC’Ur l~8rSPtrlqqCH2a ‘- ‘$) Ll,ls s’dLtches

:.”rcs) F9 produce a 1.U-MV uucput Flllse. The
..f-llt?nr?~:; Transtormed IIF .,S !. !1c 1X11so
; t“@paqares Lhrouah two qlycol tr.n’IEimlzs.Lon ! ines
(15 :-,:;J(:nq,xlth impedanco 23 t)and . : U) .~nd
in oll-~illud rransmlsslon line f.il ns lunm nnd
.’.’ u) , ?n r.he tiiode. ~he aiod~ h.ls .I radial
‘ iauld rosLar.or of 174 L) in parallel with the

!npcdancc OL the A-K diode (,~bout 1500 ()) to
produce it liO ()load. The voltaqe .Ir ?hc l:lput
:a the second qlycol line 12 2.1-W: .~~ che
:nput to the oil line, J.O-W: and nt the dlGdaJ
i,U-W.

“:(?vplopmen~ crt circuit models nds I:rlritlnl!ed

Illrlnaope=atxon at Los Alamom. ~!iCO13E1:1~r.111
,Ioad, 1 ut we alao uma t4icroC.ap-l lK ,Ind -rV !4 I ,
“which ,it-o (.ommorclally ,lvnll,~bla !;llICIJ-.lIII:iPd
I)roqrnmm with transmission I lnc model!;. ~:h@n
remulkn ilro compared from tho two (mrJdCti,‘!lW
lnnerally ,lrrrae to within L-2t.

A typical circuit modol Ior the llllOL!tmr

:Ircuitn contains ovmr 50 components, lnclu(lin~l
12 t’rannmlfision linan, ,lnd ia too (:omplcx t:)
reproduce here. W. have qradually Included mort?
raflnements in tha modal, but :~. i~ ::lill
Ilicficult to rnproduc= ,Ietniln If !h~
~~xparimmntal waveforms to within 41. W- ilnl II*VO
that :;nmm ot this is du~ t.n ntfm:t,~, ,;u{:h .}:1
,lLspernlon ,1nd mu]tir.m mndrn, l.h,lt. \ rp

rlifli~n]lt. trr mudal with t:ircuit.I.mlcrti.

:;everalsolutions werx considered, but lt
was decided to taper the renter conductors of
rhe two qlycol transmlsalon lines, because this
pulse snaplna recnnique had bean used before on
.I similar mnchlne l~j . kather than machininq a
! lnear . taper tJn co rhc rcnrer I.anductors, we
!:roduced a one acen rcductlon In diammter ct.the
?,ldrJle or C,lchconductor. !:umerous slmulationa
ti,ere run TO decernine now to pcrrnnn the taper.

[n -he .mtimuration ~elected, the
nnductor OL the ;Lrst !ine, which had been

!0.16 cm diameter find 556.J cm lonq (45.5 ns),
wae stepped in the middle from 12.07 cm to 10.16
,:m diameter, produclnq an impedance chanqe from
;2.3 u to 21.2 Q. The conductor of the second
‘ ine, which had been ~., “4 cm diameter and 556.3
,:n ]unq, x.ls stepped from 2.’) r!m to 2.54 cm
ilameccr, !>rotluclnq ,In impf!danco chanqe from
“>.3 L1 to ‘.,,.() U.

This Seep-t.ancrproduct:d t.hcdosiredchanqe
.n w,!verorn, : Ilt. : .::,1s I!nc .I a much ,1s

:.redictod. :; ilnu Lat lon.~. Indicntcd no ramp in
‘“nltarlc:l,x DPrlm, entla L 1’,. , :: W,IS rmasured to be
..!,%. . 11 t.tll:i (.,15F, :hc clr(.ult:ilmulationswere
.:0 r’,’ !I::ctul, 11lJ.JIIM% ,Irl rg i.valuate many
;~osslblc wavs r.nproriuccr.ncL,lmr, .Ilthouqhthe
: innl 11.cnlr,lc:y XIH not. ,I:; i.lo~e ntJ we would
;lk(,.

!’lle Inductance ill thu I,TGGrF causes the
Inddinq PfirfLI IJ1 thct Illltp’.lr- v~~Ltaqe PLIISL’to ha
I.ounde[i.‘!’h@lJOGSLtllC need t.n I.ompensste :or
Ihi= rountl]nq wilfl,llltl Clpcltd, ,Ind adjustment
W,lS l~rovldmi in thr llu~iqn Ily mnkinq the l“krst
; I) rm cjt tho out. mr Illumlt’in :wv:tiort a “paakin G”
,:w:t ion. .’hi% i:; it !:mp,lratm (.hlmber that can
,.imttiai II -l (Ii I l“(*ront. ::olut.iun f“rom the IOtlt
1 Iyl”ll I r ;:icvJ I 11 I11P Illumloln. I:lllinq this

.:hrimber “dI th w.~tnr Ilroducnn r.he maximum
llpeaklnrf II ,,1 yh~ I, I,\di IIq OCLIIO, rhnroby prOVidillq

manlmum I:omn@n.lilt.lan. rho !JL@loCtrlC COnStant Of

1 he !w>lll~.lon [..lnI’m1rlmmm.i lJY ml.xlnq water ,and
Ilyl:lll . 1 ‘.lllf)r “ho 1:1.ntll,~ FII rha Iuadinm

,,,1~~ .
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Another instance of predicting circuit
perronuance occurred inadvertently when it wae
,Jbaexwcd that the vo]taqe at the dLode waa 4%
; ower ‘hnn bE!fOre and that tho pulse was

Trrlvlnq about 5 n= later. This could be caused
:..{~ ~1, :ncreane in source impedance. :t wam
!Ivporhesl::ed that durinq a recent lenqthy shut-
!own, snen the qlycol wae pumped from The system
i nto II holdinq tank where the surtace was
~~xpoeerl t.o atmosphere, water vapor wae absorbed
by the OlyCOl, producinq a chanqe In dielectric
conscant.

!-cveral simulation were run to determin~
!Iow I.lrue a chanqe had to be made to Impeaanccz

I nd .iclavs mt the Illumlain .\nd “#o ‘Tlyccl

rranemlnslon lin’ee to produce ~uch n chanqe in
pulse amplitude. We found that .InUT incrca8c In
iielectrlr constant would pror.iuccTHC ,.nanrrcs
>bnervert.i;nder tha assumption that dlcl~~crrlc
:onstant ,::lrlcfi linearly with rhe prrcrrnrnrlt. (,I

.<mlter ::1 the mlxturc, : !llLi ,“ lrvesrmnrls r - , ..
u.ltcr in rhc (Ilycol,

In t.hi~ cnsa, it wafi noc nrccesary :nr the

“ndcs to km very ,lccurato III ul”uc!r tq !.onr]rm

what lI,Id Il,ippnncd. it i:i romark,ll~l- !Ilat t!lc
Inlector :;ymtcm hae hcen ::n :Ralrlt. Inl’1
reproducible, won ov~r 1,.mq ppriodfi (Ii time,
that these Gmall chanqes In the w,!v~lormfi WIIrI*

vvry noticeable,

WKIRAIM..QA .Lti-Lim&l!wU v_LI!QQt-P!MN

:lrl?atII Ihrr t,rmkd!)wnw !Illlmllrml I !) I 1.

illl”l:ll!f~ I Iillllll)vprm Ilr !Ilm (Ill)(lm lll!llll ,11111., 11111

t 110 Ill:nil,ttflr wan nbln I r) I. Ii IV IVI, I . “rho 1 111!11

lllmnkll(lWll, Il,!wmvnr, wmm ilwli~lm !Ilf, lll!llll.! 11)1’ ,Ifwl

101rt ,1 ,.,l!lulnl+nd ,IrC I,lImIIInl I//lll,,ll l(il[!m(l ,,

.:)lllt-,l,jwil. I:x,lmlllmt lrJIitIl thm IIlmul,Ii ItI. Ic*vFrIII~Il

Iummrfmn !lmn~lrltorr Whi[,hr lrnm !hn ill IP(-t 11111 III

llrnlll.tlill(l, ,!l)pemrmd !“rr Ilm )11, hlul.oll wll~~ll lhm

Vtllt,l Iln 1)11 I lIn Illudn Wnn l.IsVm .Ir,tl,

II series LC circuit, increaslnq the resistance
producee increaeed damplnq, lIowcver, increaeed
reelstance produced an increased pre-pulse
“:oltaqe. A limit of 150 kV wae placed on this
pre-pulse, to avoid breekdGwns betore the main
pulse.

A value of 50 L1 was xclcctod ias the beet
:ompromir3e. The resistor reduced the
osclllatxons t.o about 0. i-MV peak, and dlso
reduced the time that the voltaq-e wae positive.
(See Fiq. 2.) The experimental chanqes were very
.:lose to the predicted chanqes.
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